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Anesthetics are believed to modulate activity of a variety
of voltage-gated and ligand-gated ion channels. However,
the exact biophysical mechanisms underlying anesthesia
remain unclear [1]. Recent experimental evidence suggests
that the volatile anesthetic isoflurane targets the TREK and
TASK two-pore potassium conductances [2] and the per-
sistent sodium conductance (Jinks et al. unpublished
results). Furthermore, recent data indicate that volatile
anesthetics produce immobility, a fundamental element
of anesthesia, predominantly through direct action at the
level of the spinal cord [3].
We use mathematical modeling and experiments on the
lamprey spinal cord to study the effects of isoflurane on
neuronal activity. Our experimental results on the disin-
hibited spinal cord preparation suggest that the excitatory
interneurons of the CPG are the main target of isoflurane.
As the anesthetic concentration increases, ventral root
activity (assumed to be representative of the activity of spi-
nal cord excitatory interneurons) transitions from burst-
ing to silent. However, in some animals the activity
transitions directly from bursting to silent where in others
it transitions from bursting to a brief period of tonic firing
before falling silent.
We incorporate the anesthetic-sensitive TREK, TASK and
persistent sodium conductances into a preexisting
detailed biophysical model of the lamprey excitatory
interneuron [4], and a canonical bursting model [5]. We
then perform a thorough bifurcation analysis on these
models. Our results suggest that the anesthetic effects of
TREK, TASK and persistent sodium currents alone are suf-
ficient to account for the transition from bursting to
silent, but are not sufficient to account for a robust transi-
tion from bursting to tonic to silent.
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